We have evaluated the degree of MMP-9 and TIMP-1 messenger RNA (mRNA) expressions according to cell types in tumor tissues, and evaluated the implication of balance between the MMP-9 mRNA and the TIMP-1 mRNA expression in liver metastasis using orthotopicimplanted colon cancer in nude mouse, and also in 47 patients with colorectal cancer. The grade of MMP-9 or TIMP-1 mRNA expression was classified into 4 categories according to positive cell ratio. A higher grade of MMP-9 mRNA expression in tumor cells was correlated with liver metastasis in the experimental colon cancer, but was not statistically correlated in the clinical colorectal cancer. In contrast, the expression of TIMP-1 mRNA in the stromal cells of human colorectal cancer was correlated with liver metastasis. In both experimental and clinical colorectal cancer, a balance between the expression of MMP-9 mRNA and that of TIMP-1 mRNA was correlated with the occurrence of liver metastasis. The imbalance of MMP-9 dominance in tumor cells was implicated in liver metastasis. However, there was no significant relationship between the incidence of liver metastasis and the expression patterns of MMP-9 and TIMP-1 mRNA in the stromal cells. These results suggest that the balance between the expressions of MMP-9 and TIMP-1 in the tumor cells is more closely related to tumor biological behavior rather than the balance in the stromal cells.
INTRODUCTION
Tumor metastasis is a complex multistep process, during which tumor cells locally invade the surrounding tissues, penetrate blood or lymphatic vessels, and exit vessels at distant sites to form secondary tumors [1] . Proteolytic degradation of the extracellular matrix is an important part of this process, and matrix metalloproteinases (MMPs) which have an ability to degrade virtually all components of the extracellular matrix and are abundantly secreted by a variety of tumor cells and stromal cells have been implicated [2] [3] [4] . Matrix metalloproteinase 9 (MMP-9) -also known as gelatinase B -is a member of the MMP family. It was originally recognized as a gelatinolytic metalloendopeptidase in polymorphonuclear leukocytes by Sopata and Dancewicz [5] . In addition to gelatinolytic activity, the enzyme has the capability to degrade the major components of the basement membrane such as type VI collagen and proteoglycans [6, 7] . Since the basement membrane does not contain any pore large enough for passive tumor cell transversal, it is postulated that production of MMP-9 in the tumor tissue is associated with OGATA ET AL.
tumor invasion and metastatic spread.
However, the increased MMP-9 production can not be directly equated with increased functional proteolytic activity. This is because MMP-9 -like other members of MMP family-is secreted in a latent form requiring activation [8] . The net local MMP activities are thought to be the result of a balance among secretion, inhibition by inhibitors, and activation. Tissue inhibitors of metalloproteinases (TIMPs) [8] [9] [10] [11] -which are specific inhibitors for MMPs -are considered to be a major regulator of MMP activity in tumor tissues. In particular, TIMP-1 is considered to be a strong regulator of the MMP-9 activity, because TIMP-1 makes a complex with proMMP-9 immediately after secretion and the complex has a complicated activation mechanism as we have previously reported [12] . Thus, it is important to clarify the cell types involved in MMP-9 and TIMP-1 production, and which are implicated in liver metastasis.
In the present study, we have evaluated the levels of MMP-9 messenger RNA (mRNA) expression and of TIMP-1 mRNA expression according to cell types in tumor tissues, and report the balance/imbalance between the MMP-9 and TIMP-1 mRNA expressions in liver metastasis using orthotopic implanted colon cancer in nude mouse, and using human colorectal cancer specimens. 
MATERIALS AND METHODS

Liver
Statistical analysis
In the liver metastatic model of nude mouse, and in the human colorectal cancer patients, statistical analyses were carried out by the chi-square test on the relationship between the incidence of liver metastasis and the intensity of the expression of MMP-9 or TIMP-1 mRNA, and on the relationship between the incidence of liver metastasis and the balance between the expression of MMP-9 and TIMP-1 mRNA. Statistical significance was set at p=0.05.
RESULTS
Tumorigenicity and production of metastases in orthotopic inoculated model of nude mouse
As shown in Table  1 , when the KM12SM cells were inoculated into the cecal wall of nude mice, the Values are number of mice. tumorigenicity in the cecal wall was 100%. KM 12SM cells also produced liver metastasis in 40%, regional mesentric lymph node metastasis in 20%, and lung metastasis in 10% of nude mice macroscopically and/or microscopically at 6 weeks after the injection. Both MMP-9 mRNA and TIMP-1 mRNA were observed in tumor cells and in stromal cells such as monocyte-macrophages, neutrophils and fibroblasts in the cecal tumors by ISH (Fig. 1) . The levels of MMP-9 ar TIMP-1 mRNA expression are summarized in Table 2 . Liver metastasis occurred more frequently in mice with a high grade (grade 2 or 3) of MMP-9 mRNA expression in the tumor cells than in mice with a low grade (grade 0 or 1) of MMP-9 expression, but there was no significant difference in the incidence of liver metastasis according to the grade of MMP-9 mRNA expression in the stromal cells. There was also no significant relationship between the incidence of liver metastasis and the grade of TIMP-1 mRNA expression in the cecal tumor either in the tumor cells or in the stromal cells (Table 3) . According to the grades of the expressions of MMP-9 mRNA and of TIMP-1 mRNA, the expression patterns were classified into the following 3 categories; 1) MMP-9 dominant pattern (MMP-9 TIMP-1), 2) equal level (MMP-9=TIMP-1), and 3 ) TIMP-1 dominant pattern (MMP-9 < TIMP-1). In the MMP-9 dominant mice in the tumor cells, liver metastasis occurred frequently in 7 of 10 mice, whereas liver metastasis occurred in only 1 of 7 mice in the TIMP-1 dominant mice, indicating that the balance between MMP-9 and TIMP-1 production in OGATA ET AL. the tumor cells at the primary site was directly related to the occurrence of liver metastasis. However, there was no such significant relationship between the incidence of liver metastasis and the expression patterns of MMP-9 mRNA and of TIMP-1 mRNA in the stromal cells (Table 4) . Liver metastasis was discovered in 6 cases synchronously and in 1 case metachronously, among the 47 cases of colorectal cancer. Both the MMP-9 mRNA and TIMP-1 mRNA were observed in tumor cells and in stromal cells such as monocytemacrophages, neutrophils and fibroblasts in the colorectal cancer tissues (Fig. 2) . The levels of MMP-9 mRNA and of TIMP-1 mRNA expressions are summarized in Table 2 . Liver metastasis occurred more frequently in those patients with a high grade (grade 1 or 2) of TIMP-1 mRNA expression in the stromal cells than in those with grade 0, but there was no significant difference in the incidence of liver metastasis according to the grades of the TIMP-1 mRNA expression in the tumor cells. There was also no significant relationship between the incidence of liver metastasis and the level of MMP-9 mRNA expression either in the tumor cells or in the stromal cells (Table 5) . patients. However, there was no significant relationship between the incidence of liver metastasis and the expression patterns of MMP-9 mRNA or TIMP-1 mRNA in the stromal cells (Table 6 ).
DISCUSSION
It has been shown that KM 12SM cells have a high metastatic potential to the liver compared with KM 12C parental cells, and that one of the reasons for the high metastatic potential of KM 12SM is the high ability of production of gelatinase-A (MMP-2), and -B (MMP-9) under monolayer-culture conditions compared with KM 12C [14] . In addition, the KM 12SM cells were heterogeneous in morphological size and shape [13] , and in the expression of MMP-9 mRNA and TIMP-1 mRNA under monolayer-cell-culture conditions in the presence of fetal calf serum (data not shown). This evidence indicates that the KM-125M still has a multi-clonal cell population. Of interest, the incidence of liver metastasis in this orthotopically-inoculated model was approximately 50% of all mice. Karbel [15] reported that growth dominance in the high metastatic cell population at the primary tumor site in the early phase of the tumor development is necessary for the formation of distant metastasis. From this aspect it was considered that the formation of liver metastasis depended on the dominant growth of the high metastatic subclones after the inoculation of KM12SM cells into the cecal Degradation of the basement membrane is an important process during cancer metastasis. MMPs have been thought to play a major role in this critical process [16] [17] [18] , because several types of MMPs have a strong activity for degrading the various components of the basement membrane [7] . Moreover, it is clear that the net activities of MMPs in tumor tissues are important for determining any correlation with tumor invasion and metastasis. However, it is not easy to estimate the net activities of MMPs in tumor tissues directly, because MMPs activities are thought to be regulated by a production of enzyme, an activation of proenzyme, and an interaction with TIMPs as specific inhibitors for MMPs.
Our in situ hybridization revealed that many specimens from experimental and human colorectal tumors had various content and heterogeneity in MMP-9 mRNA and in TIMP-1 mRNA expressions even among same cell types as well as among the cultured cells of KM12SM. So we estimated the MMP-9 activity in the tumor tissues by determining the balance between the MMP-9 and TIMP-1 productions from the positive cell ratio for MMP-9 mRNA and TIMP-1 mRNA in each tumor cell, and in other cell types, in the stroma individually. We have confirmed the similarity of the sensitivities between the RNA probes for MMP-9 and TIMP-1 using dot hybridization to each cDNA (data not shown).
The levels of MMP-9 mRNA expression in tumor cells were correlated with liver metastasis in the experimental colon cancer, but not statistically in the clinical colorectal cancer. In contrast, the levels of TIMP-1 mRNA expression in stromal cells in human colorectal cancer were correlated with liver metastasis. Theoretically, TIMP-1 is known to inhibit MMPs activities, resulting in inhibition of tumor metastasis. Previous reports using both in situ hybridization
and Immunohistochemical staining techniques have demonstrated that an increased expression in TIMPs was usually reciprocally related to an increased expression in the MMPs [19] [20] [21] , and that the clinical outcome of cancer patients was closely related to the presence of TIMPs in the tumoral stroma [20, 21] . In both our experimental and clinical colorectal cancers, a balance between the expressions of MMP-9 mRNA and TIMP-1 mRNA was correlated with the occurrence of liver metas- 
